Liposomes were prepared by hydrating dried DMPC and DMPA mixed in 9:1 ratio (w/w), and mixed with purified ASR solubilized in detergent, at a lipid:protein ratio of 1:2 (w/w). The mixture was incubated for one hour at room temperature before adding Bio-beads (Biorad) for detergent removal.
H/D Exchange of ASR
Following reconstitution, ASR proteoliposomes were suspended in D 2 O-based NMR buffer (10 mM NaCl, 25 mM 2-(N-Cyclohexylamino)ethane sulfonic acid, pH 9) at a protein concentration of 0.4 mg/mL. The suspension was illuminated with a 100W white light source, at 22 C (monitored throughout the experiment) under constant stirring. To prevent sample deterioration, the illumination was done in blocks of 30 minutes with 30 min interruptions until the desired illumination time was achieved.
Proteoliposomes were collected by ultracentrifugation at 150,000g for one hour for NMR experiments. Thus, we conclude that cross peaks in the 2D and 3D NCACX (Fig. S3 ) spectra can be used to qualitatively assess the extent of the H/D exchange of amide protons. We do note, however, that the suppression of NCA correlations may be incomplete, with as much as ~ 25% of the signal remaining. Although even better excitation selectivity can, in principle, be achieved by further shortening the CP time, this results in overall sensitivity losses, and was not used in this study.
MAS SSNMR spectroscopy

Error estimation
Spectrometer performance is stable over prolonged periods of time (many months) as confirmed by the consistency of data collected on multiple samples, including standards, like glycine and microcrystalline sample of GB3, and proteorhodopsin and ASR. Signal intensities in Figure 1 (main manuscript) are given in the units of root mean square (RMS) of noise and provide direct measure of random error. It is generally much more difficult to estimate systematic errors. Among them are (i) residual CP signal, which is expected even in fully back-exchanged residues. We estimate from proline signals that this contribution should not exceed 25% of the signal from protonated residues, and typically is much less. (ii) Inaccurate extractions of peak intensities, which are in turn related to spectral overlap, imperfect phasing, etc. All these sources cumulatively contribute to a slight variation of peak intensities of non-exchangeable residues between experiments with different illumination times. There are a few instances, when the intensity unexpectedly increases after additional 3 h of illumination.
For the majority of cases these increases are within 3σ. Notable exceptions are residues 46, 50, 103, 120, 139, and 199, for which the increase is in the range of 5σ-9σ. However, with the exception of Ala50, these peaks are very weak and below the cutoff of 5σ in the 1.5 h spectrum, and are only slightly above the cutoff in the 4.5 h spectrum. Ala50 has about 20% higher intensity in the 4.5 h spectrum, which gives a rough estimate of the systematic errors. 
